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Improvements in touch technology 

* * • 

The present invention relates to surfaces that detect the exact position of a finger or 

similar object , touching, or coming very close to that surface* by an array of proximity 
sensing conductors. 

A known touch technology of this type is described in US Patent number 6,137,427. 

Isolated horizontal and vertical rows of sensor conductors detect the proximity of a 
finger by a capacitance effect. By use of interpolation, it is possible to detect the 
position of a finger between conductors. 

Difficulty occurs if the conductors are widely spaced apart. When touching between 
conductors, very small data values are available for interpolation. 
This leads to errors in calculating the exact position of the finger. • 
Another problem occurs when the palm of the hand is held just above the sensing 
surface. This produces a strong signal, which could be determined falsely to be a touch. 

In the current invention techniques are used to alter the capacitance of the system in a 
way that overcomes these problems. 

This is done either, by providing a medium with high levels of capacitive coupling, or, 
by providing an electricly conductive medium close to the sensing conductors, or by a 
mixture of both of these. 

The devices, covered by this invention, are not electricly connected to the sensing 
conductors and may be sited on top, underneath, on top and underneath, or completely 
encapsulating, but insulated from, the sensing conductors. 

If a resistive device is used, the resistivity of this material should ideally be within the 

range of 100 ohms per square to 10,000,000 ohms per square. 

A purely capacitive device will have a restivity of many millions of ohms. 

When a finger touches, or comes very close to this medium, it immediately induces a 
large change in capacitance detectable by the sensing conductors. It also radially 
spreads the capacitive signal away from the touch point with a strength that (liniinishes 
as distance increases from that point. With the resistive medium, the rate of signal 
attenuation is related to the resistance of the medium. 

Very conductive media spread the signal oyer a wide area whereas slightly conductive 
media spread the signal over a very small area. 

Above 10,000,000 ohms per square, the effect is almost undetectable. Conductivity of 
1000,000,000 ohms per. square or more, is still useful, however, as an anti-static device. 
If the conductive medium is uniform, the signal will spread out evenly in all directions 
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The medium may be-clear, translucent or opapue, depending on the application. 
Its conductivity may be due to a conductive surface coating or bulk conductivity, with 
the plastic, or glass itself being conductive. 
It may also have a mixture of both of these. 

. Toiichscreens. 

If used as a touchscreen, the material is normally clear. 

The. usual materials used are glass, or plastic, coated with Indium Tin Oxide (ITO) or 
Antimony Tin Oxide (ATO). 

Plastic or glass completely coated on either or both surfaces, with these oxides, may be 
used directly if the resistivity is within the required range. 

Normally, however, this material is manufactured with a resistivity of 10 ohms per 
square or less which is too low for this invention to work. When the finger touches one 
part of the material, the effect is spread too wide across the surface to pinpoint the exact 
position of touch. 

To overcome this problem, the coating may be partially etched away or deposited as an 
incomplete layer by use of masks. 

The ITO, or ATO, may be broken up into isolated "islands" of conductive material 
surrounded by non-conducting glass or plastic. If used as a keypad, these islands may 
be at the site of a corresponding key. Their size and shape may , in fact, be the key's 
shape and size. 

If the surface is to be used as a co-ordinate position indacator, the ITO may be broken 
up into many ,very small isolated islands evenly spread all over the surface with very 
thin non-conducting zones between them. 

When touched, the capacitive signal will spread slightly from the touched "island" to 
the near neighbours, creating the required conditions for this ivention to work. 
This effect will be improved by having a similarly etched coating on both sides of the 
glass but with some overlap of the parrallel conductive islands to increase capacitive 
coupling around the point of touch. 

The resistance of the surface will be very large, in this situation, in the order of 
thousands of millions of ohms per square, but the invention will still work due to 
capacitive spread through the glass dielectric. 

Alternatively, the resistance of the ITO may be increased from about 10 ohms per 
square to the required range of values by evenly etching away much of the coating, 
leaving a thinner, more resistive layer, or completely etching away parts of the layer 
leaving many small, highly conductive "islands" of ITO surrounded by non-conductive 
glass or plastic but linked together by thin bridges of ITO, or a mixture of both these 
techniques. 

Another alternative is to use a plastic, or glass, with bulk conductivity. 
Normally clear conductive plastics have a very high resistance in the range of 
1,000,000,000 ohms per . square, but this may be reduced by adding small quantities of 
conductive particles or fibres to the plastic. These particles are not necessarily 
transparent, but are small enough, not to be visible. These particles may be metals, 
metal oxides or other conductors such as carbon fibres or nanotubes. They may be up to 
aiew microns wide, and in the case of fibres, may be up to a few millimetres long. 
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the conductive medium. 

A solid state touch-interactive sheet that can be touched independently on both sides at 
once could be made using this technology with a ground or active backplane in the 
middle. , 

A number of independent touch systems could also exist on one surface.If very close 
together, earthed or grounded planes may be incorporated between them to prevent ... 
interference between one system and the next. 

This system could be used to create a totally flat shop counter with many epos 
machines built into the one surface. 

If a suitable plastic is used, the medium may be used as the resonant surface of a 
speaker. This may be temporarily interferred with if being touched, i.e. if being used as 
a touchscreen or keypad at the same time as it is being required to make sounds, but 
will resume proper speaker functionality when the finger is removed. A suitable 
speaker driver technology would be a NXT system. 

* 

The addition of a thin, flexible display technology as one of the layers in the system, 
allows the production of a complete touch-interactive, flexible dsiplay system. 
Technologies such as e-ink, oled (organic light emitting displays) and leps (light 
emitting polymers) would be suitable. 



Diagrams. 

Figl . shows a stylised layout of a touch sensor system as described in US patent 
6,137,427. A cross section, A-B, is indicated as a reference cross section in the 
following diagrams. 

Fig2. shows section A-B in side view. This shows two insulation coated sensor wires 
(2) encapsulated in a non-conducting, dielectric medium (3). 
This section will be referred to as the sensing layer. 

A finger (1) touching the surface of the dielectric, halfway between the sensing wires, 
is weakly detected by those wires. 

Fig3 . shows a conductive layer (4), as described in this patent, mounted on top of the 
dielectric layer in Fig2.. This also shows that the operators finger directly touches the 
conductive layer. The conductive layer spreads the signal out evenly from the touch 
point, creating a strong signal that is readily detected by the sensing wires. At the actual 
time of contact a massive increase in signal is produced. 

* 

Fig4. shows the conductive layer underneath the dielectric layer. This time the finger 
touches the dielectric layer. The conductive layer spreads the signal out, as in Fig3., 
but, since the conductor is not directly touched, there is not such a strong signal change 
at the moment of touch. 

Fig5. shows that the dielectric layer completely replaced by the conductive medium. 
The sensing wires do not short circuit to this, however, due to the insulation coating on 
the wires. This situation produces a very strong signal when touched. 
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Figl 6. shows the same arrangement used in Fig 14, but with conductive pads on both 
the upper and lower surfaces of the glass, the two patterns being offset to produce and 
overlap of the two patterns. This overlap greatly increases the sideways cvapacitive 
coupling in the system, strengthening the signal detected by a. touch. 

< • • • • . . «'..,. 

. Figl7. shows a sicleways view of Figl6.. Strong capacitive coupling in the glass ' 
enables a strong signal to be detected by the bottom sensing layer. 

Figl 8. shows a pattern of conductive rectangles on the surface of a sheet of glass, but 
with thin, conductive bridges (8) joining them. This arrangement reduces the 
conductivity of the surface coat to a value that enables this invention to work in a 
similar way to that described in Fig7. When the finger touches a point on the surface, 
the touch signal is spread out radially across the surface, but diminishes in strength as 
the distance from that point increases. The rate of attenuation is to the resistance of the 
surface. The detection is similar to that produced by the system shown in Fig7. but the 
results are slightly quantised. Large pads produce strong quantisation, whereas very 
small pads produce much less quantisation. 

* 

Fig 19. shows an arrangement, similar to that in Fig5, with the insulated sensing wires 
completely encapsulated by the conductive medium. The medium has, however, been 
formed, possibly injection moulded, into a curve or dome. Us of the conductive 
medium deforms the capacitance detection system and allows the finger to be detected 
at a point that would not be possible if a purely dielectric system, as described in the 
original patent, was used. 

Fig20. shows a similar set-up to Figl 9. but shows that the edges or corners of a 
moulding can still be used to detect the position of a finger, even though the sensing 
conductors are some distance away. . 

Fig 2 1 . shows a similar set-up to Fig5. but with surface distortions. This shows that the 
conductive medium can be used to redirect the point of touch but still be accurately 
detected by the system. 

Fig22. shows how a conductive film(4) , placed on top of the sensing medium (14) can 
be grounded, or earthed, through a wire link (13) or a resistor, thus enabling it to act as 
an anti-static, emi shielding membrane. The restivity of the film is high enough to 
ensure that earthing does not interfere with the film's touch-enhancing properties. 

■ 

Fig23 . shows how a touch detection system (9) can be incorporated into the sensor's 
control system, enabling very rapid detection of touch. This touch detection may then 
use a circuit (10) to "wake-up" the controller (12) , thus enabling it to scan the system 
through the position detect circuitry (11) and, thereby, determine the exact position of 
touch. 



Claims. 

i . . 
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